The 81Br NQR triplet spectrum of (CH3 CH2 NH)® ( 
Introduction
Studying the literature one may conclude that the tendency of H gmXj,"-2m)e (X = C1, Br, I) anions to po lymerize in the solid state of A j H g^,, salts is much less pronounced than in the corresponding Cd salts. Halogenom ercurate anions (HgX3)e , (HgX4)2e, (Hg2X 5)e and (HgX6)40 are often reported. The structure of AHgX3 depends on the respective cations and halogens. As the cation becomes larger and the electronegativity of the halogen smaller, the polymer ization seems to become less pronounced. N aH gC l3 [1] crystallizes with a Perovskite N H 4C dC l3-type structure. In contrast, in (C H 3)4N H g I3 [2] discrete pyramidal H g X f ions loosely connected into chains are found. Another tendency is the coordination of the Hg atom. The Cl atom tends to like a linear twocoordination. N H 4H gCl3 [3] contains distorted HgCl6 groups polymerized into layers in which axial H g -C l bonds are shorter than equatorial ones. On the other hand, in the Iodine complexes a tetrahedral coordination is mostly found. Possibly the coordina tion in the bromine complexes may be intermediate between the chlorides and the iodides. Three coordi nation or a trigonal bipyramidal coordination is sometimes found in the bromine complexes. Recently Körfer et al. [4] found that in orthorhom bic (CH 3N H 3)HgBr3 completely planar HgBr® ions exist and two extra Hg • • • Br contacts complete a trigonal bipyramidal coordination around Hg.
Halogen N Q R spectroscopy offers a wealth of in formation on the solid state properties of halogeno complexes. Besides the high sensitivity of halogen N QR on the bond distances (halogen-M), the coor dination of the halogen atoms such as bridging, hy drogen bonds halogen • • • H -Y , etc., information on phase transitions and on the lattice dynamics be comes available. The 81Br and 127I N Q R spectrum of 0932-0784 / 94 / 0100-0202 $ 01.30/0. -Please order a reprint rather than making your own copy.
(CH 3N H 3)HgBr3 and (C H 3N H 3)H gI3, respectively, was extensively studied as function of T by Terao and O kuda [5] who observed phase transitions in both systems and compared the room tem perature struc ture of both com pounds [4] with the N Q R results. (CH 3N H 3)2HgBr4 (and (C H 3N D 3)2H gBr4) and (CH 3N H 3)2H gI4 have been studied by 81Br and 127I NQR, respectively, as a function of tem perature by Terao et al. [6] and discussed in com parison with the crystal structure of the com pounds [7] and their lattice dynamics [8] .
It therefore was decided to study such salts by com bination of N Q R and X-ray diffraction. In the follow ing we report on 81Br N Q R and the crystal structure of ethylammonium tribrom om ercurate(II), (CH 3C H 2 N H 3)®(HgBr3)e . 81Br N Q R is also reported for the partially deuterated analogue (C H 3C H 2N D 3)e (HgBr3)e .
Experimental
The title com pound was prepared from a dilute hydrobrom ic acid solution (or a methanol-acetone so lution) containing stoichiometric am ounts of HgBr2 and C H 3C H 2N H 3Br. C H 3C H 2N H 3Br was obtained by adding hydrobrom ic acid to an aqueous C H 3 C H 2N H 2 solution. C, H, and N analysis was consis tent with the chemical formula; found/calc.; weight %: The 81Br N Q R spectra were registered by cw meth ods (super-regenerative N Q R spectrometer). The sig nals were recorded on a recorder through a lock-in amplifier with Zeeman modulation. The temperature was measured by a C u-constantan therm ocouple with an estimated accuracy within + 1 K.
The crystal structure was determined by single crys tal methods with a 4-circle diffractometer. From the collected diffraction intensities, after appropriate cor rection of absorption and Lorentz-polarization factor, the structure was determined by the direct method [9] and refined by a least squares method [10] . Due to the heavy atoms Hg and Br we could not locate some of the hydrogen atoms. However, symmetry consider ations are helpful in locating the hydrogen positions. The experimental conditions for the structure deter mination are given in Table 1 .
Results
Ethylammonium tribrom om ercurate crystallizes in monoclinic space group C 2h-P 2 1/m, with Z = 2 for mula units in the unit cell. The lattice constants are a = 1021.6(8) pm, 6 = 643.0(6) pm, c = 691.8(6) pm, ß = 96.96(4)°. In Table 1 some crystallographic data are. In Table 2 we have listed the atomic coordinates and the thermal parameters. Table 3 contains intraund interionic distances and angles and the geometry of the hydrogen bond scheme. In Fig. 1 we show the projection of the unit cell along the c direction onto the ab plane. The characteristic features of the struc ture can be recognized. Double chains of trigonal seen by looking at Fig. 2 , which shows the projection of the unit cell along [010] onto the ac plane. We have not been able to find the hydrogen atoms in the difference Fourier synthesis. However, the sym metry of the space group is here of great help. All heavy atoms (Hg, Br, N, C) are located on the ac plane at y= 1/4 ( Figure 1 ). Assuming ideal tetrahedral coor dination at the atom C(2) it follows that the hydrogen atoms of the C H 2 group m ust lie symmetrically to this plane at the point position 4(f) of the space group. Assuming the angle H -C (1)-H to be 109° and the distance d (H -C ) 108 pm, we find the coordinates of the hydrogen atom s H (C1,1) and H (C1,2) given in Table 3 . With the same argum ent we have determined dT is positive for v3, opposite to those of vt and v2. In Table 4 frequencies at selected temperatures are re ported. By deuteration all lines are affected in their frequency up to ~ |200| kHz. The sign of the shifts of v2 and v3 is opposite to that of the positions of the hydrogen atoms of the group C(2)H 3. We fix the atom H (C2,1) at the point position
Table 4. 81Br N Q R frequencies of (CH 3C H 2N H 3)®(HgBr3)
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The same arguments and the same procedure is ap plied to the N H 3 group for H (N,1) in 2(e), and H (N,2) and H (N,3) in 4(0-The 81Br N Q R spectrum is a triplet with some unusual features. The frequencies v; of both protonated and deuterated salts are plotted as a function of T in Figure 3 . At T = 7 7 K v: is by a factor of 1.7 higher than v3 in frequency. At 77 K v2 and v3 differ little. However the tem perature coefficient dv/ Discussion (C H 3C H 2N H 3)®(HgBr3)e is an ionic salt. F o r the discussion we adopt the atomic (ionic, van der Waals) radii r(N H f)= 1 6 3 pm, r(B re ) = 196 pm, and within distances of N • • • Br ^ 360 pm we have to discuss hydrogen bonds N -H • • • Br. rvdw (Br) = 185 pm, rvdw(CH 2,C H 3)= 170 pm [11] . W ith the rather large limits of error, there is nothing unusual as much as the geometry of the ethylammonium ion is concerned. The distances C -C and C -N are in the range one finds for aliphatic ammonium salts.
In Fig. 4 we show the full unit cell in an overall view. Further, in Figure 5 the trigonal bipyramidal configu ration around Hg atom as the unit of the double chain is depicted. The double chain, which the H g B rf ions form by polymerization via H g -B r -H g bridge bonds, is running along [010] . Clearly seen are the hydrogen bonds N -H ■ • • Br which connect the cations in the be plane. The symmetry of the structure leads to a planar H g B rf ion with two nearly equal distances H g -B r of 258 pm, d (H g -B r(2)) and d (H gBr(3)) and a shorter distance d (H g -B r(1)) = 245 pm. The angles B r -H g -B r are grouped around 120° with deviations of ±15°, see Table 3 . Two atoms Br(2) of neighboring H g B rf ions are coordinated with each H gB rf, and in this way a trigonal bipyramid is the subunit of the double chains. In Fig. 5 this unit is shown, and the angles and distances within the trigo nal bipyramid are given in Table 3 . In Table 3 we have listed the distances and angles of the hydrogen bond network. Br<2) is connected with the cation by one hydrogen bond, and Br<3) accepts two hydrogen bonds N -H • • Br, from symmetry considerations of equal length. Due to the hydrogen bonds, we have a lattice of planes parallel to the be plane and centered at x = 0, which are formed by the H gBr3 double chains and the cations. These planes are hold together by van der Waals forces. Br atoms and C H 3 groups interact at the plane (1/2,0,0).
The present structure is com pared with that of (CH 3N H 3)® (HgBr3)e [4] in which the pyramidal con figuration around the Hg atom of planar (HgBr3)e and the double chain are found too. Due to a small size and higher symmetry of (CH 3N H 3)®, the (C H 3N H 3)® salt has a more compact and highersymmetry structure (Cmcm) at room temperature. All heavy atom s lie on the ab plane and the C -N and H g -B rbridging bonds are along the b axis such that two terminal Br atom s are equivalent. The bond dis tances H g -B rterminal = 252.7, H g -B r bridging = 256.5 in In the 81Br N Q R spectrum, v: is much higher than v2 and v3. From the theory of nuclear quadrupole interaction the most simple relation is that the fre quency dependence on the bond distance d (H g -B r) should be v = a • l/d (H g -B r)3. Therefore it is correct if we assign v1 to Br(1) because d (H g -B r (1)) is the shortest (245 pm) of the three distances within the planar configuration H gB r3. The distance is a little shorter than the 248 pm (with other four short con tacts of 323 pm) of d (H g -B r) in H gBr2 [12] . Coinci dent with this, the 81Br N Q R frequencies in H gB r2 [13] are 130.933 and 129.907 M Hz at 77 K, which is lower than vv Furtherm ore, Br (1) is neither affected by a hydrogen bond nor is it involved in a bridging con figuration H g -B r-H g . Also the tem perature depen dence of vx is as one expects from the Bayer theory [14] . v3 increases with increasing tem perature. There fore <P,Z of the electric field gradient tensor increases with increasing tem perature. We assume, th at the in termolecular bonds such as the hydrogen bonds weaken with tem perature because of the activation of thermal motions of the molecules. Br(2) is incorpo rated into one H -bond and a H g -B r -H g bridging bond, while Br(3) is incorporated into two equivalent H-bonds. It seems th at H-bonds are m ore feasible compared to the H g -B r -H g bond because the cation may undergo larger m otions in the present type crys tals. This leads to the assignment v3 <-*• Br<3) and con sequently the assignment v2 <-► Br(2). The observation [5] that dv/d T of bridging Br atoms in the (C H 3N H 3)® salt is also negative seems to support the above assign ment. Further, the signal intensity of v2 is weaker than v3 (Table 4 ). The bridging Br atom in the (C H 3N H 3)® salt shows also a weaker intensity than the term inal Br atom (which is incorporated into the H -bonds scheme). The assignment < -+ Br(j) is done by qualita tive arguments and is tentative. This may show that the electron populations of px or py may be effectively reduced by these intermolecular bonds, which may result in the large decrease of reso nance frequencies [6] .
v(T) curves show no evidence of phase transition in the (CH 3C H 2N H 3)® salt from 77 K up to near the m.p. (99~106°C). The successive phase transitions observed in the (CH3N H 3)® salt [5] are tentatively ascribed exclusively to the m otion of the (C H 3N H 3)® ion having a more symmetrical shape compared to the ethyl ammonium ion.
The frequency shifts produced by deuteration are similar to those observed in (C H 3N H 3)2HgBr4 [6] , showing a small difference. From qualitative consider ations [6] .1°, the shifts of v2 are also positive at high temperatures, but in contradiction to the above pre diction their values tend to increase with decreasing temperature. Further, for v1? whose Br atoms seem not to be concerned in the H-bonding scheme, we find negative shifts which become larger with increasing temperature. For an understanding of these devia tions from the above prediction we may need an addi
